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(54) MAGNETICALLY SOFT THIN RLM 

(57)Abstract; 

PURPOSE: To prevent the generation of Barkhausen noise by a method wherein a 
magnetic thin film is laminated through the intermediary of a non-magnetic 
intermediate layer. 

CONSTITUTION: A magnetically soft thin film 2 is laminated in two or more layers 
through a non-magnetic intermediate film 1 as shown by the structures AWC in the 
diagram. The thickness of the film 1 is selected in the range of 5W104&angst;, and a 
static magnetic action is dominant between the acUoining two films 2. The proper 
saturated magnetic flux density and thickness are selected for the films 2 with the 
axis of easy magnetization in the same direction, and the total magnetic flux is 
closed. In the structure A, when the films 2 are made of the same material, they are 
formed in the same thickness, the amount of magnetic flux of both films are brought 
in coincidence with each other, and the magnetic flux is closed as a whole. In the 
structures B and C. all the films 2 including the magnetic thin film 2S located on the 
outermost side are made of the same material, the film 2S only is formed in the 
thickness of t/2, and other films 2 are formed in the thickness of (t). When the 
outside magnetic field is intensified on the magnetically soft thin film 3 in the 
direction (ha) of the axis of difficult magnetization, the films 2 are finally magnetized 
in the same direction from the state of anti-parallel magnetization, and at this time, 
a rotation due to magnetization is generated on the plane, no magnetic wall is 
generated, and the generation of the Barkhausen noise can be prevented. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

this invention relates to the magnetic artificial grid film suitable for the magnetic pole of the magnetic 
head for magnetic recording media. 
[Description of the Prior Art] 

For example, if it is going to make recording density, such as magnetic-file equipment, high, in order to 
have the high saturation magnetic flux density Bs which can fully magnetize a magnetic-recording 
medium by the magnetic-head side using what has the big coercive force He to a magnetic-recording 
medium and to converge the leakage flux fi-om a magnetic-recording medium efficiently, it has good 
soft magnetic characteristics, and the magnetic material which can control magnetic-domain structure is 
needed. 

As the magnetic head with which are satisfied of such conditions, the ring-type head which machines a 
ferrite and is obtained has been used by the former. However, since a raise in saturation magnetic flux 
density and micro processing have approached the limitation, the thin film magnetic head obtained by 
the ultra-fine processing technology adapting the Fort Lee SOGURAFU technology and thin fiUn-ized 
technology is used now. 
[Problem(s) to be Solved by the Invention] 

It is difficult ****** that coercive force He records a magnetization signal on the high holding power 
medium of 1000 or more oersteds since saturation magnetic flux density is about one tesla although the 
NiFe alloy by vacuum deposition, the spatter, or plating has been conventionally used for such a 
magnetic pole film for the thin film magnetic heads. 

Although Fe fihn is promising as a film of high saturation ma^etic flux density which replaces a NiFe 
alloy, since magnetic-domain structure suitable for the magnetic pole film cannot be taken, if coercive 
force'is large, and it remains as it is, it cannot be used as a magnetic pole film. Moreover, there is a fauU 
of being easy to oxidize in air, and it has been an obstacle on the occasion of iitilization. 
On the other hand, as the method of soft-magnetism-ized magnetic-domain structure control of Fe film, 
Fe is made into a host and there is a method in which the second element, such as C or Si, is made to 
mix as a guest (example : Bozorth work 'TERROMAGNETISM", D.V.Nostrand Co.). 
However, by this method, since C and Si are non-magnetic material, there is a fault that saturation 
magnetic flux density Bs falls, moreover, the thing for which Fe film is formed in nitrogen-gas- 
atmosphere mind by the spatter - good soft magnetic characteristics - becoming (example : 
J.Appl.Phys. 61p3841 ('87)) ~ this film has the problem that thermal stability is missing 
Then, it has good soft magnetic characteristics (holding power He is small) by the high saturation 
magnetic flux density replaced with these films, and the ferromagnetic which was [ that magnetic- 
domain structure control is possible (magnetostriction constant lambdas* *0), and it is moreover hard to 
oxidize ] excellent also in ** and thermal stability is demanded strongly. 

By the way, although research of new materials is done briskly recently, especially an artificial grid film 
has the very thin thickness of each class, and in order that the property of original of the material which 
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constitutes them by carrying out the laminating of those films periodically may show a different 
property, the property of bulk attracts attention also the research side of physical properties, or in respect 
of application as matter in which a completely different new property is shown again, 
this invention is it having been made in view of a point which was mentioned above, the purpose's 
showing good soft magnetic characteristics by high saturation magnetic flux density, and a 
magnetostriction constant's being further set to about 0, and offering the magnetic artificial grid film 
excellent in corrosion resistance and thermal stability simultaneously. 
[Means for Solving the Problem] 

For this reason, this invention carried out the laminating of Fe layer and the CoFe layer by turns on the 
substrate, or on the substrate, intervened the CoFe layer, carried out the laminating of Fe layer and the 
Co layer by turns, and constituted the magnetic artificial grid film. 

The laminating of Fe layer and the CoFe layer can be carried out by tums, or the grid film which 
intervenes and comes to carry out the laminating of the CoFe layer by tums and which changes can also 
constitute Fe layer and Co layer from this invention as the single magnetic domain is formed by the 
nonmagnetic insulator layer. 
[Function] 

Although it is the material currently used from the former if Fe, Co, and CoFe are independent, the 
interaction between magnetic layers and the crystalline disorder of Fe arise, holding power He becomes 
small, and by carrying out the laminating of these shows good soft magnetic characteristics. Moreover, 
if each thickness is made into a proper value, magnetostriction constant lambdas can be carried out near 
zero, and it will become controllable [ magnetic-domain structure ]. 
[Example] 

Hereafter, the example of this invention is explained. A view 2 shows the deposition equipment for 
artificial grid film creation. 1 is a target susceptor, it can equip with the target of four sheets and the 
change of a target of it is attained by rotating this, as an arrow shows. The installation position of a 
substrate where 2 should carry out deposition formation of the magnetic film on the upper surface, and 3 
are the ion sources. It is the point that a degree of vacuum of operation is 1x10 to 4 or less Torrs, and the 
point which substrate temperature does not go up more than required, and manufacture by the ion beam 
spatter method is advantageous. 

A view 1 is drawing showing the outline structure of the artificial grid film by this invention. The CoFe 
alloy layer in which Co layer and 6 were formed in of Fe layer, and 5 was formed for 4 of counter 
diffusion, and 7 are substrates. Thickness of the Co layer 4 and the Fe layer 6 is set to tCotFe, 
respectively, and tp=tCo+tFe defines a round term tp of an artificial grid. 

It considers as tCo=tFe in a view 3, and change of magnetostriction constant lambdas when changing tp 
is shown. By changing tp (increase), magnetostriction constant lambdas is changing from positive to 
negative continuously. In spite of being negative that magnetostriction constant lambdas of Co and Fe is 
not, the whole magnetostriction constant lambdas can take positive or the value of zero. This is because 
the CoFe alloy layer 5 which has positive magnetostriction constant lambdas in the boundary of the Co 
layer 4 and the Fe layer 6 was formed. 

View 4 (a) The relation between the magnetic-domain structure observed by - (c) by the NiFe alloy 
single film etc. and the sign (positive, negative, zero) of magnetostriction constant lambdas is shown. By 
the magnetic pole fihn of the magnetic head, in order to reproduce the signal from a medium efficiently, 
it is required to take magnetic-domain structure as shown in a view 4 (b), and it is required to be 
magnetostriction constant lambdas=0. 

Although magnetostriction constant lambdas of Fe and Co is negative as mentioned above, and 
magnetostriction constant lambdas of a CoFe alloy is positive, since between each magnetic layer is 
connected magnetically, by the magnetic artificial grid film which was made to carry out the laminating 
of these and obtained them so that it might become the periodic structure by the repeat, the magnetic- 
domain structure is determined by the sign of magnetostriction constant lambdas of the whole film like a 
single film. 

The Fe layer membrane thick dependency of magnetostriction constant lambdas is shown in a view 5. 
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20A, even when 5 A of Co layer thickness is any, it is set to magnetostriction constant lambdas=0 by 
making Fe layer thickness into 1 50A or more. 

The Fe layer membrane thick dependency of coercive force He is shown in a view 6. By setting the 
thickness of Co layer as 5 A, coercive force He can realize 1 .5 oersteds and few good soft magnetic 
characteristics. 

The Fe layer membrane thick dependency of saturation magnetic flux density Bs is shown in a view 7. 
Since Fe was used as the base, the value (the saturation magnetic flux density Bs of Fe is 2.15 teslas) of 
about 2.15 teslas was acquired. 

The relation between saturation magnetic flux density Bs and Co layer thickness ratio (tCo/tp) is shown 
in a view 8. A dashed line connects saturation-magnetic-flux-density Bs=1.76 of the saturation- 
magnetic-flux-density Bs=2.15 tesla and Co of Fe. A data point is above a dashed line, because the 
CoFe alloy (the saturation magnetic flux density Bs of Co50Fe50 is 2.45 teslas) by counter diffusion 
was formed. 

The Co layer membrane thick dependency of the coercive force He at the time of fixing Fe layer 
thickness to 50A and magnetostriction constant lambdas is shown in a view 9. In order to obtain good 
soft magnetic characteristics, the thickness of Co layer is understood that it is better to set it as lOA or 
less to 50A Fe layer. Moreover, it is expected from the situation of change of magnetostriction constant 
lambdas that the thickness of a Co-Fe counter diffusion layer is about lOA. 

Since saturation magnetic flux density Bs is small, and the pure layer of Co has large coercive force He 
and magnetostriction constant lambdas has a negative big value from the above result, it turns out that 
the magnetic properties of a magnetic artificial grid fihn are degraded. Therefore, it turns out that a 
required Co layer is good by the minimum thickness alloyed with Fe layer. Then, the magnetic artificial 
grid of Fe and Fe/CoFe which used the CoFe alloy for the target is also considered enough. 
The example of composition of a Fe/CoFe magnetism artificial grid film is shown in a view 10. The soft 
magnetic characteristics and the high saturation magnetic flux density Bs beyond it are realizable like a 
Fe/Co magnetism artificial grid film by changing the thickness of the Fe layer 6 and the CoFe layer 5, 
and composition of the CoFe layer 5. 

The example of composition of the multilayer of the [Fe, Co, CoFe] system artificial grid by this 
invention and the nonmagnetic insulator of Si02 and aluminum203 grade is shown in a view 1 1. 8 is a 
magnetic artificial grid film and 9 is a nonmagnetic insulator layer. Single magnetic-domain-ization of a 
magnetic film is attained by inserting the nonmagnetic insulator layer 9 between the magnetic artificial 
grid films 8. 

Only namely, in the case of the magnetic artificial grid film of a laminated structure shown in the view 1 
or the 10th view Although the stable state where magnetostatic energy is the lowest serves as reflux 
magnetic-domain structure which consists of a magnetic domain of a large number as the magnetic- 
domain structure showed in the view 4, therefore it does not become a single magnetic domain in this 
case but becomes the reflux magnetic-domain structure of many magnetic domains If it is made the 
multilayer which sandwiched the nonmagnetic insulator layer 9 between the magnetic artificial grid 
films 8 as shown in the view 1 1 Magnetostatic bonding strength works between the magnetic artificial 
grid films 8. by the magnetic artificial grid film of the 1st layer, the magnetization direction by facing 
the right and the 4th layer by facing the right and the 2nd layer in a view 1 1 from a front face like facing 
the left and .... [ facing the left and the 3rd layer ] The state (the state all magnetization turned [ state ] to 
** on the other hand by each magnetic artificial grid film, i.e., single magnetic-domain structure) where 
magnetization turned to the opposite direction by tums will be in the stable state where magnetostatic 
energy is the lowest. Thus, single magnetic-domain-ization of a magnetic artificial grid film is attained 
with the magnetostatic bonding strength committed between magnetic artificial grid films. 
Moreover, as a magnetic film for the magnetic heads, when only a magnetic artificial grid film uses (the 
membrane structure of a view 1 and a view 10), magnetic-domain structure tums into reflux magnetic- 
domain structure of many magnetic domains as shown in a view 4. The magnetic-domain stracture of 
(b) in (a) of a view 4, (b), and (c) is the most desirable at the point that the signal from a medium is 
efficiently reproducible. 
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On the other hand, if the muhilayer of the magnetic artificial grid film 8 and the nonmagnetic insulator 
layer 9 is used as a magnetic film for the magnetic heads as shown in the view 11, signal regeneration 
efficiency will improve by the above-mentioned single magnetic-domain-ization further (that is, the 
much more than (b^ of 4 view ). If order is attached to the height of signal regeneration efficiency and 
these relations are shown [Magnetic-domain structure of view 4 (a) and (c)] <[magnetic-domain 
structure of view 4 (b)] < [the magnetic-domain structure by the composition of a view 1 1] 
It becomes. 

Moreover, with the multilayer composition of a view 11, since each magnetic layer becomes thin, an 
eddy current loss is stopped and the fi-equency characteristic of permeability can be improved. 
Thus, the [Fe, Co, CoFe] system magnetism artificial membrane by this invention can realize good soft 
magnetic characteristics with magnetostriction constant lambdas zero, and can realize saturation 
magnetic flux density Bs two teslas or more simuUaneously. Moreover, these magnetic artificial grid 
films are rich in corrosion resistance, and since magnetic properties do not deteriorate in 300 degrees C, 
membrane formation temperature is excellent also in thermal stability, since they are the composition 
which sandwiched Fe to Co and/or CoFe. 
[Effect of the Invention] 

A Fe [ by this invention ], Co, and CoFe system magnetism artificial grid film as explained above has 
small coercive force He by optimizing each of that thickness at the high saturation magnetic flux density 
Bs, since the magnetic film whose magnetostriction constant lambdas is zero simultaneously is 
realizable, by using as a magnetic pole material for the magnetic heads, a high-density signal can be 
recorded on a high coercive force medium, and there is an advantage that it is also efficiently 
reproducible. 

Moreover, since it is the structure which carried out the laminating of Fe layer and the CoFe layer by 
turns on the substrate, or intervened the CoFe layer and carried out the laminating of Fe layer and the Co 
layer by turns on the substrate, and it is rich in corrosion resistance and excels also in thermal stabiUty, 
there is an advantage which can manufacture magnetic parts, such as the reliable thin film magnetic 
head, with the sufficient yield. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

The cross section showing [ 1 ] the outhne of Fe of one example of this invention, Co, and a CoFe 
system artificial grid film. Explanatory drawing of the deposition equipment for artificial grid film 
manufacture in a view 2, the property view showing [ 3 ] the cycle length dependency of 
magnetostriction constant lambdas. View 4 (a) Explanatory drawing in which - (c) shows the sign and 
magnetic-domain structure of magnetostriction constant lambdas, The property view showing [ 5 ] the 
Fe layer membrane thick dependency of magnetostriction constant lambdas, the property view showing 
[ 6 ] the Fe layer membrane thick dependency of coercive force He, the property view and octavus view 
showing [ 7 ] the Fe layer membrane thick dependency of saturation magnetic flux density Bs — 
saturation magnetic flux density Bs and Co layer membrane - thick - the property view showing a 
relation with a ratio The property view showing [ 9 ] the Co layer membrane thick dependency of 
coercive force He and magnetostriction constant lambdas. The cross section showing [ 10 ] the example 
of composition of a Fe/CoFe artificial grid fihn (another example) and a view 1 1 are cross sections 
showing the example of composition of the multilayer of a [Fe, Co, CoFe] system artificial grid film and 
a nonmagnetic insulator layer (still more nearly another example). 

1 [ The ion source, 4 / Co film, 5 / .. A CoFe fihn, 6 / .. Fe film, 7 / A substrate, 8 / .. The [Fe, Co 
CoFe] system artificial latticed layer, 9 / Nonmagnetic insulating layer ] .... A target susceptor, 2 A 
substrate, 3 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The magnetic artificial grid film which carries out the laminating of Fe layer and the CoFe 
layer by turns on a substrate, or is characterized by intervening, carrying out the laminating of the CoFe 
layer by turns, and changing Fe layer and Co layer on a substrate. 

[Claim 2] The magnetic artificial grid film given in the 1st term of a patent claim to which the grid film 
which carries out the laminating of the above-mentioned Fe layer and the CoFe layer by turns, or 
intervenes a CoFe layer and comes to carry out the laminating of Fe layer and the Co layer by txmis, and 
which changes considers that the single magnetic domain is formed by the nonmagnetic insulator layer 
as the feature. 



[Translation done.] 
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DRAWINGS 



A view 1] 




[A view 3] 
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[An octavus view ] 
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[A view 9] 
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0AT'S^Ufc«jgt-r^o ^1 EB-rS^LfcIf 

m.iz\.xzm<Dm.^nmi2)(^mmmm.h\.n^. 
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(3) o#attf^M(2) «. ^©aftBI«tt):^|p)*^'±a!b;it 

fi814®(14F)RUC(i4B)Sr^tJaS&tC*3l/iT, 

^fc. *%B^(cJ;-5!|»;ffiSttWlllii(3)(CctoT. 

UT*e;i^)S(21)*^LT. Ki^t^(22) <&^J^«'m 1 
RO;^2C0#m#:/N°iS'->(22A)S:U;(22B)<£$feM)l (21) 

(Clg 1 0 A ~ C T-iSi b fc^fiR <J; S l*^!^^*)!^ (3) 

\z^'DX^^<Dmm.^ T t ti^m.'&m (23) ^^mm\isi.-t 

•So Cl<7)attB(23)«, ^4EI-ClftB^Lfcatt)B(14F) 20 

:i oattn (2 3) om-^mt.. mmm (2 1 > tc l (2 
tijfeiSia (2 1 ) ± D fig .5 ^^m.'^&m ^^^vztt.^ 




«r « « J fli «s ft. IJ- /t^ t © 



6-66188 

6 

-■ y-t tT««(20) (hCDWfCRlfSO^^ «v >^***t--5 

<h (J^nmu i/i L [iijH (25) icHltr ct -5 JFM-r ^= 
Cl©J;-5fCUT. S«(20)-SBia^-w7'g-mtt)l(2 

3)-s«(2o)<DiHfi88s^*L. ^y]^mmm)^^mr 
(3) tiiJcattWBiK. (Dit^m.^'pmm. {2)itmi^m 
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